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(54) WAVELENGTH WIDE-BAND SHORT PULSE LIGHT GENERATING DEVICE 

(57)Abstract: 

PURPOSE: To provide the wavelength wide-band short 
pulse light generating device which can be tuned to the 
fixed center frequency of exciting light in both high and 
low frequency directions. 

CONSTITUTION: The wavelength wide-band short pulse 
light generating device consists of a short pulse exciting 
light source 3-1 and an optical fiber 3-2 for excitation 
and utilizes a soliton self-frequency shift in the optical 
fiber 3-2; and the output light wavelength of the short 
pulse exciting light source 3-1 is set <0.5ps/nm/km 
larger than the zero dispersion wavelength of the optical 
fiber 3-2 for excitation, and consequently output light 
which has a spectrum expanding continuously to >100nm 
in both the long and short wavelength directions 
centering on the exciting light wavelength while short 
pulse characteristics are maintained is obtained by the 
simple constitution. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It consists of the short pulse excitation light source and an optical fiber for excitation, 
it sets to the wavelength wide band short pulsed light generator using the soliton self-frequency 
shift in an optical fiber, and distribution within the above-mentioned optical fiber for excitation of 
the output light of the above-mentioned short pulse excitation light source is 0.5 ps(es)/nm/km. 
Wavelength wide band short pulsed light generator characterized by setting up the output light 
wave length of the above-mentioned short pulse excitation light source so that it may become 
below. 

[Claim 2] A means to branch the short pulse excitation light source and the aforementioned 
short pulse excitation light source to plurality. Two or more optical fibers for excitation in which 
zero dispersive-wave length is different from each other in each output light. The means which 
combines the output light of two or more above-mentioned optical fibers for excitation, and is 
considered as one output, the wavelength wide band short pulsed light generator equipped with 
the above — it is — the optical fiber for excitation of the above-mentioned plurality [ light / 
output / of the above-mentioned short pulse excitation light source ] — inside — distribution 
within at least one optical fiber for excitation — 0.5 ps(es)/nm/km It is characterized by setting 
up the output light wave length of the above-mentioned short pulse excitation light source so 
that it may become below. 

[Claim 3] The wavelength wide band short pulsed light generator characterized by making it the 
output light of a wavelength wide band short pulsed light generator according to claim 1 to 2 
pass a wavelength spectral separation means. 

[Claim 4] The wavelength wide band short pulsed light generator characterized by having 
prepared two or more claims 1 and 2 or wavelength wide band short pulsed light generators given 
in 3 terms, having combined those output light, and considering as one output. 



[Translation done.] 



http://www4.ipdl jpo.gojp/cgi-bin/tran_web_cgi_ejue?u=http%3A%2F%2Fwww6.ipdLjpc., 2003/06/26 



1/4 /<— v? 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the wavelength wide band short pulsed light 
generator used for measurement of many optical properties, such as the distributed property of 
optical elements, such as an optical fiber and optical amplifier, and gain, a loss property, 
evaluation, or an optical switching device. 
[0002] 

[Description of the Prior Art] Luminescence wavelength is adjustable and there is a method 
using the composition which transposed one mirror of the resonator of the mode locking dye 
laser which has extensive gain width of face to the diffraction grating, or the composition which 
inserted the band-pass light filter in the interior of a resonator among the generating methods of 
the short pulsed light of the FEMUTO second class as 1st conventional example from the pico. 
However, each of these composition needs complicated and troublesome adjustment. Moreover, 
although the method of generating gain switch pulsed light, using the temperature dependence of 
the oscillation wavelength of semiconductor laser as 2nd conventional example is also used 
conventionally, this adjustable wavelength width of face is at most about 20nm. 
[0003] In addition to the above example, there is short pulsed light evolution method which used 
the continuous spectrum breadth phenomenon in which the short pulsed light of a picosecond 
base carries out induction in an optical fiber as 3rd conventional example. This phenomenon is 
mainly explained by the soliton self-frequency shift accompanying stimulated Raman scattering. 
A soliton self-frequency shift is the phenomenon of a soliton pulse maintaining an own wave and 
an own spectrum, and occurring, when the gain of a medium has inclination to frequency, and the 
center frequency of a soliton pulse is shifted toward the high frequency direction of gain. M.N. 
Islam, G.Sucha, I.Bar-Joseph, M.Wegener, J.P.Gordon, and D.S.Chemla, "Broad bandwidths from 
frequency-shifting solitons in fibers, "OpticsLetters.14 volume, No. 7, and 370-372 According to 
the page and the example of observation indicated in 1989, the short pulsed light which 
wavelength followed is obtained over several 100nm in the long wavelength direction. 
[0004] 

[Problem(s) to be Solved by the Invention] However, from a viewpoint of practical use, the 
source of short pulsed light which can align in height both the frequency direction is needed in 
many cases to the center frequency to which excitation light was fixed in the pump probe 
method often used as a light-corpuscle child's evaluation means, wavelength alignment of the 
light source for dispersion effect compensation of a fiber type optical switch, etc. 
[0005] The purpose of this invention is to offer the wavelength wide band short pulsed light 
generator which can be aligned in height both the frequency direction in view of the above- 
mentioned technical problem to the center frequency to which excitation light was fixed. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in the 
claim 1 of this invention, it consists of the short pulse excitation light source and an optical fiber 
for excitation, and sets to the wavelength wide band short pulsed light generator using the 
soliton self-frequency shift in an optical fiber, and distribution within the above-mentioned 
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optical fiber for excitation of the output light of the above-mentioned short pulse excitation light 
source is 0.5 ps(es)/nm/km. The output light wave length of the above-mentioned short pulse 
excitation light source was set up so that it might become below. Moreover, a means to branch 
the short pulse excitation light source and the aforementioned short pulse excitation light source 
to plurality in a claim 2. In the wavelength wide band short pulse generator using th soliton self- 
frequency shift in the optical fiber which consists of a means which combines the output light of 
two or more optical fibers for excitation in which zero dispersive-wave length is different from 
each other in each output light, and two or more above-mentioned optical fibers for excitation 
and is considered as one output the optical fiber for excitation of the above-mentioned plurality 
L light / output / of the above-mentioned short pulse excitation light source ] — inside — 
distribution within at least one optical fiber for excitation — 0.5 ps(es)/nm/km The output light 
wave length of the above-mentioned short pulse excitation light source was set up so that it 
might become below. Moreover, it was made for the output light of a wavelength wide band short 
pulsed light generator according to claim 1 to 2 to pass a wavelength spectral separation means 
in a claim 3. Moreover, in the claim 4, two or more claims 1 and 2 or wavelength wide band short 
pulsed light generators given in 3 terms were prepared, those output light was combined, and it 
considered as one output. 
[0007] 

[For ** ] The gain spectrum by the stimulated Raman scattering related to the soliton self- 
frequency shift used by this invention and modulation instability is shown in drawing 1 . The gain 
spectrum (Raman gain spectrum) according [ 1-1 ] to stimulated Raman scattering and 1-2 
express the gain spectrum (modulation unstable gain spectrum) by modulation instability. The 
gain spectrum 1-2 of modulation instability spreads symmetrically about the center frequency of 
excitation light to the gain spectrum 1-1 by stimulated Raman scattering appearing only in a low 
frequency side about the center frequency of excitation light. The amount of breadths of the gain 
spectrum 1-2 by modulation instability is inversely proportional to the square root of group- 
velocity distribution value [ of the optical fiber for excitation ] D [ps/nm/km]. Therefore, by 
carrying out simultaneously coincidence of the main wavelength of excitation light, and the zero 
dispersive-wave length of an optical fiber, the gain of modulation instability was greatly grown up 
by smaller excitation light intensity, contribution of modulation instability to a soliton self- 
frequency shift was enlarged to stimulated Raman scattering, and the spectrum breadth to height 
both the frequency direction centering on excitation optical frequency was made possible. 
L0008J in the conventional example of the above 3rd, only the shift in the direction of low 
frequency has taken place — the wavelength of an incidence excitation optical pulse — the zero 
dispersive-wave length of the optical fiber for excitation — receiving — about 100nm — a long 
wave — since it set to the merit side — the group-velocity distribution value D — about 4 — 
ps/nm/km — large — becoming — a modulation — it is because the breadth of an unstable gain 
spectrum was stopped 

[0009] Since excitation light wave length and the zero dispersive-wave length of the optical fiber 
for excitation are near, although the output light spectrum by the side of short wavelength 
spreads to a normal dispersion field in this invention exceeding zero dispersive-wave length by 
the mutual phase modulation which an excitation optical pulse starts and the section causes, the 
short pulsed light by the side of normal dispersion presents a down chirp, and maintains soliton 
nature. The rise chirp by the mutual phase modulation which the falling section of an excitation 
optical pulse causes to the rise chirp by self^phase modulation is added, and the short pulsed 
light by the side of anomalous dispersion maintains soliton nature. The principle of the guidanc 
soliton by this mutual phase modulation is shown in drawing 2 . The soliton (anomalous- 
dispersion side pulse) to which 2-1 appears in an excitation optical pulse wave, and 2-2 appears 
in an anomalous-dispersion field, the soliton (normal dispersion sid pulse) to which 2-3 app ars 
in a normal dispersion field, and 2-4 express the mutual phase modulation frequency shift 
amount in which an excitation optical pulse carries out induction. For this r ason. the spectrum 
of output light spreads continuously, maintaining short pulse nature in height both the frequency 
direction focusing on excitation optical frequency, and can obtain the short pulsed light of 
FEMUTO **** from the pico by letting the above-mentioned output light pass in the band-pass 
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light filter which has a suitable transparency band. 
[0010] 

[Example] The 1st example of the wavelength wide band short pulsed light generator of this 
invention is shown in drawing 3 . For the short pulse xcitation light source and 3-2 the 
distributed value of the output light from the above-mentioned short pulse excitation light source 
3-1 is L 3-1 J 0.5 ps(es)/nm/km. It is the optical fiber for excitation set up so that it might 
become below. The short pulsed light outputted from the short pulse excitation light source 3-1 
excites an optical fiber 3-2, and generates the short pulsed light covering the light wave length 
range. Let the length of the optical fiber 3-2 for excitation be a thing sufficiently longer than th 
optimal length of soliton compression. The spectrum of the actual example of generating by this 
composition is shown in drawing 4 . It is the output spectrum to which 4-1 let this with the 
spectrum of short pulse excitation light (full-width-at-half-maximum 4.5ps, main wavelength 
Iambda0-1.3139micrometer), and 4-2 let it pass to the optical fiber for excitation (zero 
dispersive-wave length lambdaZD=1.309micrometer. 450m of** length). Under these conditions 
if fiber length is set to 300m or more, it is checked that a short pulse occurs. The time 
decomposition part light figure (vertical axis : wavelength, a horizontal axis : time) of the above- 
mentioned example of generating is shown in drawing 5 . 5-1 and 5-2 are 4-1 of drawing 4 the 
spectrum of the short pulse excitation light corresponding to 4-2, and an output spectrum ' 
respectively. In this example, the pulse of the number ps of full width at half maximum occurs 
over the wavelength range of 1.255-1.350 micrometers. Although a pulse is simultaneously 
generated over the full wave length range, since time delays differ according to wavelength, the 
time gap by wavelength has arisen in the station. 

[001 1] In addition, a wavelength wide band short pulsed light generator is possible also for 
constituting by two or more sources for excitation of short pulsed light, and the optical fiber for 
excitation, and shows this example to drawing 10 and drawin g 1 1 . Drawing 10 is the composition 
of having aimed at expansion of the band of a generating spectrum by carrying out incidence of 
the common excitation short pulsed light to two or more optical fibers for excitation from which 
a distributed property differs, and 10-1 is a band reject filter for in an optical turnout and 10-3 
the 2nd optical fiber for excitation and 10-5 removing an optical coupling machine, and the 1st' 
optical fiber for excitation and 10-4 removing [ the source of excitation short pulsed light and 
10-2 ] excitation light, as for 10-6. Distribution of the light from the source 10-1 of excitation 
short pulsed light is [ two or more aforementioned optical fibers 10-3 for excitation, and ] 0 5 ps 
(es)/nm/km in at least one among 10-4. By setting up the output light wave length of the source 
10-1 of excitation short pulsed light so that it may become below, the pulsed light of the same 
spectrum-band region as an example 1 is obtained in this fiber. In other fibers, since the 
distributed value of an excitation short pulse is large and the short pulsed light which has a 
spectrum-band region in a low frequency side by stimulated Raman scattering is obtained, the 
short pulsed light which has a wide band more is obtained by multiplexing both with the optical 
coupling vessel 10-5. Moreover, since the band of the short pulse acquired even if the 
distributed value of an excitation short pulse is fully small serves as the sum of the band 
obtained from each fiber, compared with the time only of one, the short pulsed light of a wide 
band is obtained for the fiber for excitation. 

[0012] D rawing 1 1 is the composition of having aimed at expansion of the band of a generating 
spectrum using two or more excitation short pulsed light and the group of the optical fiber for 
excitation, and the band reject filter for the optical fiber for excitation. 11-7, 11-8, and 11-9 
removing [ 1 1-1, 1 1-2. and 1 1-3 ] each excitation light in the source of excitation short pulsed 
light. 11-4, 11-5, and 1 1-6 and 1 1-10 are optical coupling machines. The composition shown in 
the above example enables much more expansion of the wavelength range. 
[0013] The example of the source of wavelength adjustable short pulsed light using the output 
light obtained in the 1st example of the above is shown in drawing 6 . This is the composition 
which added the wavelength variable-bandpass light filter (it is written as wavelength adjustable 
BPF below) to the outgoing end of the wavelength wide band short pulsed light generator of 
drawing 3 . 6-1 — the short pulse excitation light source and 6-2 — the optical fiber for 
excitation, and 6-3 — the wavelength adjustable — it is BPF Incidence of the output light of the 
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optical fiber 6-2 for excitation is carried out to wavelength adjustable BPF6-3, and desired 
wavelength is started. Drawing 7 explained this situation according to the spectrum and th time 
decomposition part light figure. 7-1-1 and 7-1-2 — the output of the short puis excitation light 
source 7-1 , 7-2-1, and 7-2-2 — the output of the excitation optical fiber 6-2, and 7-3 -1 and 
7-3-2 express the each spectrum of the output of wavelength acjjustabl BPF6-3, and a tim 
decomposition part light figure If transparency band center lambdaf of wavelength adjustable 
BPF 6-3 is changed within the band of the output light of the optical fiber 6-2 for excitation, the 
short pulsed light which has arbitrary main wavelength lambdaf in this range will be obtained.' 
[0014] According to this method, the short pulse of FEMUTO **** is simultaneously acquired 
from the pico from which main wavelength differs over the extensive wavelength range around 
excitation light wave length. The example of the source of multi-wavelength output short pulsed 
light using this is shown in drawing 8 . For 8-1, as for the optical fiber for excitation, 8-3-1, 8-3- 
2, and 8-3-3, the short pulse excitation light source and 8-2 are [ a band-pass light filter 
(following, BPF) and 8-4 ] star couplers. The output light of the optical fiber 8-2 for excitation 
branches to plurality by the star coupler 8-4, and passes along BPF 8-3-1, 8-3-2, and 8-3-3 
respectively. Generating of two or more short pulsed light which is mutually different wavelength 
according to this composition, and synchronized is attained. Naturally the composition which 
replaced the portions of the above-mentioned star coupler and BPF with other spectral 
separation meanses, such as a diffraction grating and a WDM coupler, is also possible. 
[0015] According to this invention, two or more short pulse groups which main wavelength 
reached far and wide and followed are obtained at once. This can be used as absorption of an 
optical fiber or a light-corpuscle child, and the light source for measurement of a distributed 
property. The example of the distributed measuring method of an optical fiber is shown in 
drawing 9 (a) and (b). Drawing 9 (a) System of measurement is shown and, as for the short pulse 
excitation light source and 9-2, 9-1 is [ the optical fiber for excitation and 9-3 ] measuring 
beam-ed fibers. Drawing 9 (b) It sets, and 9-4-1 is the time decomposition part light figure of the 
output light of the optical fiber 9-2 for excitation, and when it lets this pass to the optical fiber 
9-3 for [ measured ], the time decomposition part light figure changes like a sign 9-4-2, and 
shows the group delay frequency characteristics of an optical fiber 9-3. By calculating delay 
tout-tin [ as opposed to each wavelength for the output optical pulse of the above-mentioned 
optical fiber 9-2 ] (lambda) as a reference beam of a time delay, the wavelength group delay 1 of 
a measuring beam-ed fiber/Vg is continuously obtained to wavelength, and a wavelength 
dispersion D can be found from the wavelength differential. 
[0016] 

[Effect of the Invention] The output light which has the spectrum which spreads continuously 
over 100nm or more in merits-and-demerits both the wavelength direction focusing on excitation 
light wave length, maintaining short pulse characteristics since it set up according to this 
invention so that the wavelength of the excitation short pulsed light using the soliton self- 
frequency shift of a wavelength wide band short pulsed light generator might become large 
slightly from the zero dispersive-wave length of the optical fiber for excitation as explained 
above is obtained with easy composition. Therefore, it becomes possible to generate 
simultaneously two or more short pulsed light of the FEMUTO second class from the pico from 
which wavelength differs, and can use as absorption of an others, an optical fiber, a light- 
corpuscle child, etc., and the light source for measurement of a distributed property. [ use / as a 
source of wavelength adjustable short pulsed light ] 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the gain spectrum relevant to a soliton self-frequency shift 
[ Drawin g 2] Drawing showing the principle of the guidance soliton by the mutual phase 
modulation 

[Drawing 3] Drawing showing the example of a wavelength wide band short pulsed light generator 

[Drawing 4] Drawing showing the example of generating of wavelength wide band short pulsed 
light (spectrum) 

[Drawing 5] Drawing showing the example of generating of wavelength wide band short pulsed 
light (time decomposition part light figure) 

[Drawing 6] Drawing showing the example of the source of wavelength adjustable short pulsed 
light 

[Drawing 7] The cyclegraph of drawing 6 

[Drawing 8] Drawing showing the example of the source of multi-wavelength output short pulsed 
light 

[Drawing 9] Drawing showing the example of the distributed measuring method of an optical fiber 
[ Drawin g 10] Drawing showing the 2nd example of composition of the source of white pulsed light 

[Drawing 1 1] Drawing showing the 3rd example of composition of the source of white pulsed light 

[Description of Notations] 

1-1 — The gain spectrum by stimulated Raman scattering, 1-2 — The gain spectrum by 
modulation instability, 2-1 — An excitation optical pulse wave, 2-2 — The soliton which appears 
in an anomalous-dispersion field, 2-3 — The soliton, 2-4 which appear in a normal dispersion 
field — The mutual phase modulation frequency shift amount in which an excitation optical pulse 
carries out induction, 3-1 [ — The spectrum of short pulse excitation light, ] — The short pulse 
excitation light source, 3-2 — The optical fiber for excitation, 4-1 4-2 — The output spectrum 
of the optical fiber for excitation, 5-1 — The time decomposition part light figure of short pulse 
excitation light, 5-2 — The time decomposition part light figure of the output light of the optical 
fiber for excitation, 6-1 — Short pulse excitation light source, 6-2 [ — The output light 
spectrum of the short pulse excitation light source 6-1, ] — The optical fiber for excitation, 6-3 
— Wavelength adjustable BPF, 7-1-1 The time decomposition part light figure of the output light 
of 7-1-2 — 6-1, 7-2-1 — The output light spectrum of the excitation optical fiber 6-2, The time 
decomposition part light figure of the output light of 7-2-2 — 6-2, 7-3-1 — The output light 
spectrum of wavelength ac(justable BPF 6-3, The time decomposition part light figure of the 
output light of 7-3-2 — 6-3, 8-1 — Short pulse excitation light source, 8-2 — The optical fiber 
for excitation, 8-3-1 , 8-3-2, 8-3-3 — BPF, 8-4 [ — The optical fiber for excitation, ] — A star 
coupler, 9-1 — The short pulse excitation light source, 9-2 9-3 — A measuring b am-ed fiber, 
9-4-1 — The time decomposition part light figure of the output light of the optical fiber 9-2 for 
excitation, 9-4-2 — The time decomposition part light figure of the output light of the optical 
fiber 9-3 for [ measured ], 10-1 [ — The optical fiber for excitation, ] — The source of 
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excitation short pulsed light, 10-2 — An optical turnout, 10-3. 10-4 10-5 [ — The source of 
excitation short pulsed light. 1 1 -4. 1 1 -5 1 1 -6 / - The optical fiber for excitation. 11-7.11 -8. 

J "i « c *T Ct filter ' 1 1 ~ 1 0 / ~ 0 Ptical coupling machine. ] - An optical coupling 
machine, 1 0-6 — A band reject filter. 1 1 -1 . 1 1 -2. 1 1 -3 



[Translation done.] 
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